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Abstract 

The supersymmetric action of type IIA D = 10 superstring in A = 2a, D = 10 
supergravity background can be derived by double dimensional reduction of the action of 
supermembrane coupled to D = 11 supergravity. We demonstrate that the background 
Ramond-Ramond fields appear in the resulting superstring action with an extra factor of 
exponential of the dilaton. 
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1. Recent discussions of string dualities involve bosonic fields which originate from 
the Ramond-Ramond (RR) sector of the superstring. An important observation QTJ] is that 
kinetic terms of the (manifestly gauge-covariant) RR fields in the D = 10 supergravity 
actions expressed in terms of the string-frame metric are not multiplied by the standard 
tree- level e _2< ^ dilaton factor (see also 0). It would be important to have a clear world- 
sheet understanding of this fact. This would allow one, in particular, to go beyond the 
supergravity level and determine the dilaton dependence of terms involving higher powers 
of RR fields in D = 10 superstring effective actions. 

A natural conjecture is that the RR fields enter the background-dependent superstring 
action with an extra factor in front of their coupling terms. Then the dilaton dependence 
cancels out in the RR kinetic terms in the tree-level partition function (which is, up to a 
renormalisation, the superstring effective action @,^[), S = J d 10 'x\fG[e~ 2 ^ (R + ...) +F 2 + 
...], and, correspondingly, survives in the conformal anomaly /3-function, R+ ... + e 2( ^F 2 + 
... = 0. 

The reason for this special coupling of the RR fields to the dilaton lies in the structure 
of local N = 2, D = 10 supersymmetry. Since the D = 10 supersymmetry is not mani- 
fest in the Ramond-Neveu-Schwarz formulation, the RR-field-dilaton coupling is hard to 
determine there at the full non-linear level. One can still try to explain the presence of 
extra e^-factor using linear dilaton background || or suggest a heuristic argument relating 
it to non-locality of the RR vertex (spin) operators (which effectively cut a hole out of 
the world sheet and thus change its Euler number by —1) ||. It is possible, of course, to 
compute the 3-point RR-RR-dilaton amplitudes to check || that they are consistent with 
the structure of the D = 10 supergravity actions. 

The proper framework for addressing this question should be the Green-Schwarz (GS) 
formulation 0. Starting with the free GS action one can couple it to a supergravity 
background in a way preserving D = 10 supersymmetry. Since the N = 2, D = 10 
supersymmetry transformation laws are 'inhomogeneous' in the dilaton ||,|9| (i.e. contain 
powers of even for the 'string-frame' choice of the metric)0 one should not be surprised 
to find the factors being present in the resulting world-sheet superstring a-model action. 



1 It is a peculiarity of N = 1,D = 10 supergravity that there exists a choice of the metric 
(heterotic string frame metric) for which there are no factors in the supersymmetry transfor- 
mation laws, so that the full invariant Lagrangian has e~ 2< ^ in front of it [1C], in agreement with 
the absence of the RR fields in the heterotic string spectrum. The factors re-appear if one uses 
the type I string frame metric (cf. Q). 
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The coupling of GS superstring to RR fields was discussed in the light-cone gauge 
in Q (starting with the known light-cone gauge GS vertex operators |ll[|) but since the 
condition of supersymmetry of the action was not imposed, the dilaton dependence was 
not determined (though the special way of how RR fields appear in the space-time effective 
action was noticed and was conjectured to be related to the fact that they couple to the 
fermionic part of the GS a-model action). Superspace expressions for covariant type II GS 
superstring actions in (on-shell) TV = 2, D = 10 supergravity backgrounds were found in 
1^101 and studied in detail in [fL4| , but component form of the actions (in particular, the 



dilaton dependence of the RR coupling terms) was not explicitly worked out. A systematic 
approach to construction of manifestly iV = 2, D = 4 super symmetric world sheet ex- mo del 
(and effective action) for compactified D = 4 Type II superstring was recently presented 
in |15| , where a peculiar dilaton coupling to the D = 4 RR vector fields was also discussed. 

Our aim here is to demonstrate that there is, indeed, the dilaton factor in front of 
the RR field coupling terms in the background-dependent D = 10 type IIA GS superstring 



action. We shall follow |T3[] and derive (the relevant terms in) the superstring action 
by double dimensional reduction of the action of D = 11 supermembrane in D = 11 
supergravity background [[TBI . Since the N = 2a, D = 10 supergravity is a dimensional 
reduction of the D = 11 theory |17j this may be viewed just as a useful trick to organise 
the computation. This approach may, however, provide also an insight into the D = 11 
origin of these special dilaton - RR-field couplings. As is well known, the dilaton appears 
from the (11, 11) component of the D = 11 metric while the RR bosons Ai = (A^) and 
A3 = (A^vx) originate from the (11,//) component of the metric and the 3-form field of 
the D = 11 supergravity. While the D = 10 metric and the 2-form field B^ v = A^n 
have the standard bosonic cr-model type couplings, we shall see that the RR coupling 
terms involve fermionic coordinates, depend only on the gauge-invariant field strengths 
F 2 = dAi, F4 = dA 3 — 3Ai A dB and, as expected, contain the extra factor compared 
to the 'NS-NS' coupling terms in the GS cr-model action. 

2. As in |H| our starting point is the action of the D = 11 supermembrane coupled 



to D = 11 supergravity background [T(| 

I = cJ d\\^E?E^ mn - 1) - ^ k EfEf E^Acba] ■ ( 

Here4 A = ^Z M ^(Z), i= 1,2,3, Z M = (x»,9 a ), /i = 1, 11, a = 1, 32, A CBA 
Acba(Z), and A = (m, a) is the corresponding tangent space index (m = 1, 11; a 
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1, 32). As was shown in [16,13] this action is invariant under K-supersymmetry provided 



the background satisfies the superspace equations of on-shell D = 11 supergravity |I8|,[19|. 



The background superfields have the following expansions JIB] in terms of the component 
fields {e™(x) ) il)p(x),A f j il/ x(x)} of D = 11 supergravity 

E™ = e™ -te^ + Oie 2 ), (2) 

K = ^(^7 m )a + o(e 2 ), E a a = 5 a a + o(e 2 ), 

A rnnp (x,6)=A mnp -^ [p -f rnn] 6 + 0(6 2 ), A mna (x,6) = -\(h™ n )a + 0(6 2 ), (3) 

A mab (x,9) = A abc (x,6) = 0(6 2 ), 

where 

F^ P x = Ad^A vpX] = e^e^ p elF mnpq , T smn ™ = ^ mn ™ s - 8 7 [mn *V ]s ), (4) 

and cD Atmn (e) is the standard vielbein connection. 

To relate ([[]) to the type IIA GS superstring action in A = 2a, D = 10 supergravity 
background we perform the double dimensional reduction [T^,^D[ by splitting the world- 



volume and space-time coordinates in '2 + 1' and '10 + 1' way, £ l = (£* ,£ 3 ), i' = 1,2, 
x n _ ^ x n ^ X n = _ 1^.^10, assuming that d^gij = 0, d^x^ = 0, d^9 a = 0, 

dnE^j = 0, 9ht4 mnk = and making a partial gauge choice by relating the 'extra' 
world-volume and space-time coordinates, y = £ 3 . It is not necessary, of course, to split 
the fermionic indices (a, a). In what follows the primed indices //, i/, and m', n', will 
run from 1 to 10 and ?/ will be used to indicate the 11-th coordinate index. 
The bosonic fields of the D = 11 supergravity are split as follows: 



„m p 4> a , 

e™ = ( £ J ) , A, vX = {Apw, A^ y = B^} , (5) 



The dilaton factors are chosen so that they drop out of the bosonic part of the resulting 
superstring action (after a rescaling or elimination of the world-sheet metric), i.e. is 
the standard D = 10 target space 'string- frame' metric. If one formally sets 9 a = 0, only 
the usual cr-model type couplings to the NS-NS fields G^ v > and B^v' survive in the action 
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(one should also add the standard dilaton coupling term a/ g^R^(j)(x)). The RR fields 
Ap' and A^'u'X' have fermionic couplings which we would like to determine. 

The relation between the D = 11 and D = 10 supervielbeins that generalises the 



vielbein relation in (151) is [13, 2C 



tjM ~ e \ e* X a )' {) 

where $ = (f> + 0(9), x a an d Am' are the corresponding D = 10 superfields (M' = (//, a), 
A = (m' , 11, a)). Again, the rescaling by e~^® is needed to get the NS-NS terms in the 
action without dilaton factors |20| .11 In what follows we shall ignore the dependence of the 
action on the gravitino and dilatino fields. Setting ip^, = and adding the extra factors 
of e - ^ in front of the expansions in (Q) we find the following expressions for the relevant 
components of the D = 11 supervielbein in terms of the bosonic fields of the D = 10 
supergravity (cf. (§)) 

E™! = e-**e$ + 0(9 2 )=e^' + 0(6> 2 ), E x y l = + 0(6» 2 ), (7) 

E™' = ±ie-^(9j m ') a + 0(9 3 ) 1 E a a = e"W* + O(0 2 ), 

Ep = e-^[^' m n(eh mn e + P^xp^K^^T^'^^ + ... 

= e-$*V2 + V£ = e^lF^'Y'l 11 ^ + F X ' p ' K ' a 'T/ p ' K ' a ' 9) a . (8) 

Ffi'u' = 2d[n'A V '] originated from ay TO 'n and F\> p > K > a > = 4d[x>A p > K > a r] - 12A[ X 'd p >B K ' a q 
(note that e^, = —e^A m /). The indices in V% are now contracted using e™ . 

For simplicity we shall consider only part of RR coupling terms which come from the 
WZ-type term \e ijk EfEfE%A C BA in ©• Using (|) one has 

-\^ k EfEfE^A CB A = ^ k d l Z M E^d J Z N E^d k Z K E a K (9 lmn ) a + ... . (9) 

Under the double dimensional reduction a non- vanishing contribution comes from the term 
with j (or i) equal to 3 and N (or M) equal to 11, 

-\^ k EfEfE^A CBA = -\^' k ' Efd % 'Z M ' E^d k 'Z K ' E a K ,(9 lm ' llx ) a + ... (10) 



2 The importance of the rescaling of all of the components of the supervielbein by e is 
evident, e.g., from considering E™ = d iX ^E™ + d l 6 a E^ -» e - £*(ep' d^x*' - \iQ^ m ' d^Q + ...). If 
E™ was not rescaled, dx and 986 terms would have the relative factor of e~3^. 
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= \?' k \e™d v x» - §i07 m '0i/0)(07 m /7ii3fc'0 + hm>lnVv>d k ,x v ') + ... . 

Notice that the overall powers of have cancelled out except for the one in the RR 'vertex' 
V v >. The 0{6 2 ) part of the RR coupling term is thus (see 

e+j' k 'd i ,x' J ''d k ,x v ' e[\F^y lull x ' + J k Fy p , K , (Tnillv ,{ 1 x ' p ' K ' (J '^ - &y x 'p'«'6$)]6. (11) 

In addition, there is a similar parity-even RR coupling contained in the first E 2 term in 
(P and coming from higher-order terms in the expansion of the superfield E^- 

3. The presence of the factor in ( |TT| ) implies that the leading-order conformal 
invariance (or K-invariance) equation will have the expected form R + D 2 (p + (dB) 2 + 
e 2 ^{F 2 +F 2 ) + ... = 0, equivalent to the D = 10 supergravity equation expressed in terms 
of the string-frame metric. One also concludes that higher powers F k of RR fields will 
appear in the D = 10 type II superstring effective action being multiplied by e ( fc + ri - 2 )^ > j 
where n is a number of string loops (genus of the world sheet). 

The author acknowledges the support of PPARC and ECC grant SCl*-CT92-0789. 
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